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Four spontaneous pregnancies and three live births
following subcutaneous transplantation of frozen
banked ovarian tissue: What is the explanation?
Kutluk Oktay, M.D., Ilgın T€urkç€uo�glu, M.D., and Kenny A. Rodriguez-Wallberg, M.D., Ph.D.

Institute for Fertility Preservation, Department of Obstetrics and Gynecology, New York Medical College–Westchester Medical

Center, Valhalla, New York

Objective: To report the long-term follow-up of an experimental heterotopic ovarian transplantation with frozen-
thawed ovarian tissue.
Design: Long-term follow-up of an experimental surgery; case report.
Setting: Academic reproductive medicine center.
Patient(s): A 28-year-old cancer survivor with previous Hodgkin disease and relapse.
Intervention(s): Laparoscopic oophorectomy for ovarian cryopreservation before preconditioning chemotherapy
for hematologic stem cell transplantation. Ovarian tissue thawing and subcutaneous heterotopic ovarian transplan-
tation in the lower abdominal wall 2½ years after the hematologic stem cell transplantation.
Main Outcome Measure(s): Resumption of ovarian function after transplantation, recovery of fertility, and preg-
nancy outcome.
Result(s): Follicle development was observed in the graft 2 months after transplantation, and a P value of 14 ng/mL
indicated ovulation. The patient conceived spontaneously four times within 5 years and delivered three children.
The in situ ovary remained atrophic but showed occasional follicle activity contemporaneously with the graft.
Conclusion(s): The mechanism behind spontaneous restoration of fertility with consecutive viable pregnancies
after a heterotopic ovarian transplantation needs to be explored. Further laboratory and clinical research will be
needed to explore the true origin of pregnancies after ovarian transplantations. (Fertil Steril� 2011;95:
804.e7–e10. �2011 by American Society for Reproductive Medicine.)
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Ovarian cryopreservation followed by autotransplantation is one of
the several experimental strategies to preserve and restore fertility in
women undergoing gonadotoxic chemotherapy. In 1999 we per-
formed the first case of orthotopic ovarian transplantation with
frozen-banked ovarian tissue, which resulted in restoration of ovar-
ian function (1). Subsequently, we developed a heterotopic ovarian
transplantation techniquewhere the tissues were transplanted subcu-
taneous in the forearm (2) or lower abdomen (3), which resulted in
restoration of hormonal function, oocyte recovery, and embryo
generation. Since then numerous cases of orthotopic and very few
heterotopic ovarian transplant cases were reported, and several of
those were associated with pregnancies and live births (4–11).
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The advantages of heterotopic ovarian transplantation are the
simplicity and noninvasiveness of the surgical technique, as well
as the ability to closely monitor the tissue for a possibility of cancer
recurrence. The disadvantages of heterotopic transplants include
cosmetics, which in our experience has not been an issue, potential
adverse effects to oocytes from an environment different from the
pelvic intra-abdominal, and the presumed need for assisted repro-
duction to achieve fertility.

Here we report recurrent spontaneous pregnancies after a hetero-
topic ovarian transplantation to a Hodgkin lymphoma survivor who
was renderedmenopausal because of preconditioning chemotherapy
before hematologic stem cell transplantation (HSCT). We previ-
ously reported the transplantation technique and the first and second
spontaneous pregnancy from this patient; the current report focuses
on the recurrent pregnancies and the long-term follow-up after that
transplantation (12).

OVARIANTRANSPLANTATIONANDLONG-TERMFOLLOW-UP
The ovarian cryopreservation and transplantation protocols were
approved by the Institutional Review Board. Cancer treatment, ovar-
ian tissue cryopreservation and heterotopic transplantation proce-
dures, and two pregnancies that resulted in one live birth were
reported previously (12). In brief, a 28-year-old Hodgkin lymphoma
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survivor had premature ovarian failure immediately after HSCTand
remained menopausal as confirmed by elevated serum FSH levels
ranging from 46.4 to 96.6 mIU/mL and hot flashes (12). Two and
a half years after HSCT, the patient requested ovarian tissue trans-
plantation. Symptoms and signs of ovarian function and follicular
growth in the graft were noted 2 months after the transplantation,
and she had her first menstrual bleeding 3 years after the HSCT.
She had two pregnancies on two consecutive cycles resulting in
one miscarriage and one live birth at term, 13 months after the trans-
plantation (12).

Four-month postpartumFSHandLH levelsweremenopausal (60.7
and 33.9mIU/mL, respectively), indicating that the ovarian transplant
ceased functioning. Six months after delivery the patient started hav-
ing follicular growth in the graft in snatches but did not have a period
for a year. One year after the first delivery (25 months after the trans-
plantation) menstrual periods resumed 30 to 60 days apart. Serum
FSH and LH levels on the 2nd or 3rd day of cycle ranged between
10.7 and 32.6mIU/mL and 8.2 and 27.6mIU/mL, respectively, giving
the impression of diminished ovarian reserve. One month later, we
performed ovarian stimulation using letrozole 5 mg/d in combination
with recombinant FSH 75 IU (follitropin alfa injection, Gonal-F; Se-
rono, Rockland, MA) starting on the 3rd day of her menstrual cycle
(13). On day 9, two follicles were noted in the abdominal transplant
(Fig. 1) and one in the in situ ovary. However, the follicle in the in
situ ovary did not further develop, and the percutaneous aspiration
of the SC graft resulted in the retrieval of an MII oocyte that did not
fertilize. In the subsequent months, follicular activity ceased, FSH in-
creased to 76.9 mIU/mL, and the in situ ovary remained atrophic by
ultrasound examination. The patient was given oral contraceptive pills
for 8 weeks and then underwent ovarian stimulation with high-dose
gonadotropins (recombinant FSH 150 IU, Follistim; Organon, Rose-
land, NJ)þ hMG150 IU (Menopur; Ferring Pharmaceuticals, Parsip-
pany, NJ) at a local infertility clinic with the hope that her in situ ovary
might respond to ovarian stimulation. The cycle was cancelled after 7
days of stimulation because no follicles developed in the graft, and the
in situ ovary remained invisible by transvaginal ultrasonography.
Forty-eight hours after cancellation, the patient felt follicular growth
in the graft, and 4 days later she had right-sided mittelschmerz (on
FIGURE 1

Subcutaneous follicle development after ovarian transplantation.
S ¼ skin; M ¼ abdominal muscles; F ¼ follicles.
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the side of the remaining ovary) and had intercourse. Pregnancy test
was positive 2 weeks later. After an uneventful pregnancy, 4.5 years
after transplantation, she delivered a healthy boy weighing 4,173.1 g
and 54.6 cm long at term.

Six months after the delivery and after having three irregular
menstrual cycles 33 to 36 days long with simultaneous follicle
growth in the graft, the patient conceived spontaneously again.
A transvaginal ultrasound examination 5 years and 2 months after
the heterotopic ovarian transplantation confirmed an ongoing preg-
nancy at 6 weeks 6 days of gestation. Subsequent ultrasound scans
showed a normally developing pregnancy. Because of large for
gestational age fetus, the patient underwent a labor induction and
delivered a girl weighing 3,263.9 g and measuring 50.8 cm 35 weeks
and 5 days of gestation in April 2010 (Fig. 2).
DISCUSSION
There are several reports of spontaneous pregnancies and live births af-
ter aggressive cancer treatment includingHSCT (14–16). The duration
of the return of ovarian function after HSCT varies. Therefore we
cannot rule out the possibility that this patient could get pregnant
even if she did not have heterotopic transplantation. However, the
patient’s in situ ovary appeared to be atrophic in some ultrasound
examinations and was invisible in others. Ovarian follicle activity
was documented by ultrasound examination in the in situ
‘‘menopausal’’ ovary on two occasions and was suspected by
mittelschmerz-type pain on another occasion. Further, the third preg-
nancy occurred after she did not respond to high doses of gonadotro-
pins and her in situ ovary was invisible by ultrasound examination.

Recent animal studies suggested the possibility of oocyte regener-
ation in mammals (17), but the confirmation and proof in human
ovary are lacking. The work by Johnson et al. indicated that egg
manufacturing could continue into adult life in mice and that germ-
line stem cells could have originated from the bone marrow (18, 19).
The same group also showed that oophorectomy completely
abolished the expression of the germline stem cell markers in bone
marrow in rodents. However, the replacement of estrogen and/or P
did not restore the expression of those markers. The authors
postulated that there might be a communication between the ovary
and the bone marrow as a peripheral germline stem cell reservoir;
however, this communication was not via sex hormones (19).

In our patient, ovarian function did not recover after HSCT. She
became fertile after heterotopic ovarian tissue transplantation. If this
was not coincidental, the recovery of fertility could not be linked
only to HSCT; there must be an alternative mechanism.

Research in numerous nongermline stem cells indicates that the
niche and microenvironment are crucial in the survival, function,
and development of stem cells (20–22). We recently demonstarted
that ovarian cortical pieces that did not contain developing
follicles produced less estrogen in vitro if they were exposed to
chemotherapeutic agents (23). Our preliminary data suggest that
chemotherapy agents may damage ovarian stroma and microvessels
directly (24).

We therefore hypothesize that chemotherapy treatment may not
only damage ovarian follicle reserve but can also alter the ovarian
niche that normally may function to attract or nurture germline
stem cells for oocyte replenishment in response to an insult to
the ovary. When an ovary is transplanted heterotopically, its
chemotherapy-unexposed healthy ovarian niche may provide
endocrine-paracrine signals to presumed reservoirs of germline
stem cells such as the bone marrow, which then release these germ
cell precursors to find their way to the in situ ovary by circulation.
804.e8



FIGURE 2

Summary and timeline for ovarian function and recurrent pregnancies after heterotopic ovarian transplantation.
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Another possibility is that paracrine-endocrine signals from the
transplanted ovary reach the damaged in situ ovary by circulation
and induce generation of oocytes from the resident stem cells, which
otherwise cannot be activated because of the absence of stimulatory
signals from the damaged niche.

Another possible explanation for functional recovery of the in situ
menopausal ovary is germ cell transfer between the transplanted and
in situ ovaries. Bukovsky (25) put forward a hypothesis that instead
of the periodic flow of putative bone marrow–derived germ cells to
the ovaries, the ovarian germ cells periodically may enter bone mar-
row via the bloodstream. In parallel to that hypothesis, if ovarian
germ cells residing in the transplanted ovary enter the bloodstream,
they will try to find an appropriate niche for their survival, which in
804.e9 Oktay et al. Live births after SC ovary transplantatio
our case will be the in situ ovary. The latter hypothesis assumes that
chemotherapy does not damage the ovarian stem cell niche. During
embryogenesis, primordial germ cells migrate from the yolk sac
(which is also the origin of hematopoietic stem cells) through the dor-
sal mesentery of the hindgut to the genital ridges (26, 27). This
migration and homing within the gonadal ridge requires integrated
signals involving contact of primordial germ cells with extracellular
matrix proteins and cellular substrates. It is possible that, in adult
life, this rudimentary mechanism will aid the settling of circulating
ovarian germ cells presumably originating from the transplanted
ovary. Further laboratory and clinical research will be needed to
explore these hypotheses, as well as the true origin of pregnancies
after ovarian transplantations.
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